The amount of soybean agglutinin (SBA) detectable by radioimmunoassay in seeds of resistant cultivars to Phytophthora megasperma var. sojae was approximately twice that of susceptible cultivars. SBA was preferentially released at earlier times (6-9 hours) and in higher amounts in the imbibate from resistant cultivars as compared to susceptible cultivars. The lectin in the imbibate was immunologically identical to the seed lectin, indicating little or no proteolysis had occurred, and was active in hemagglutination. Binding of fluorescein isothiocyanate-labeled SBA to mycelial cell walls could be abolished by adding N-acetyl galactosamine or galactose. Purified SBA at concentrations of 150 to 300 micrograms inhibited mycelial growth by 50%, and the imbibate from Govan (resistant) Preparation of Seed Extracts. Seeds (20 g) were placed in a Salton quick food mill and ground to a fine flour, which was then added to 4 volumes of petroleum ether to remove fats and collected on a Buchner funnel after 15 min. Four volumes of cold PBSA (pH 7.2) was added, and the mixture was allowed to stand at 4°C overnight. After squeezing it through cheesecloth, the extract was centrifuged at 12,000g for 15 min to remove particulates. Seed extracts were used for quantitation of SBA content. Subsequent purification of SBA was carried out for comparison among cultivars. For purification, the extract was loaded onto an N-acetyl galactosamine-Sepharose column prepared with epoxide-activated gel (22). After absorbance had stabilized to less than 0.05 A280 units, SBA was eluted as a sharp peak with 0.1 M galactose in PBSA. After extensive dialysis against distilled H20, SBA was lyophilized and stored at 0°C.
inhibitory than the imbibate from Shore (susceptible) cultivar. Removal of SBA from the imbibate by affinity chromatography abolished the inhibition of mycelial growth, but the inhibition could be recovered from the eluant containing lectin.
SBA4 is a tetrameric glycoprotein found in high concentrations within the seed (12) . Some investigators have also reported the presence of SBA by hemagglutination on root tissue (1) , and one group has succeeded in purifying a lectin from the surface of 1-week-old root tissue (5) . Although preliminary experiments reported specific SBA binding to Rhizobium strains known to nodulate soybean, others have not been able to establish a definitive role for SBA in initiating symbiosis (17) . However, SBA, as assayed by hemagglutination, is released during the initial stages of germination in one soybean cultivar (3) . If SBA serves as a protective agent to the germinating seedling, its location outside the seed would be consistent with a role in providing resistance to infection.
Many soybean cultivars are available which have resistance or susceptibility to certain plant pathogens including Phytophthora megasperma var. sojae, the causal agent of root rot (1 1) . Although this fungus can infect soybean at all stages of development, it causes extensive root rot and damping off of pre-and postemergence seedlings of susceptible varieties and reduction in seed yield of adult plants. Resistance to race I of the fungus is con-'Supported by a Faculty Research Grant from Clemson University. 2 To whom correspondence should be addressed. A standard competition curve with unlabeled SBA was constructed for each assay over the range of 0.1 to I ,ug SBA, and multiple dilutions of seed extracts were tested in duplicate so that several values would fall within the standard curve. Seed Imbibates. Two g seeds from each cultivar were placed in 15% Clorox for 10 min, followed by rinsing in sterile H20, and then transferred into tissue culture tubes containing 5 ml of sterile H20. Aliquots (200 ,lI) were removed at specified time intervals and frozen for assay of SBA content by RIA and for protein content (13) .
Electrophoresis. Polyacrylamide gel electrophoresis was performed with a 7.5% acrylamide separating gel at pH 8.5 with a glycine-ethanolamine buffer (2) . Gels were stained with Coomassie brilliant blue for protein or were placed on Gel-Bond film (Marine Colloids) which was then overlaid with melted 1% agar. After agar had solidified, troughs were cut 15 mm from gels and either preimmune or postimmune sera was placed in the trough. Precipitation arcs were detectable after 24 h.
Fluorescence Microscopy. FITC-SBA was prepared according to standard procedures (19) . Phytophthora megasperma was cultured directly on sterile glass slides containing a thin coating of V-8 juice agar and incubated in a sterile humidity chamber. After two days growth, FITC-SBA was added directly to the slides, allowed to incubate at room temperature for 20 minutes, in the absence or presence of 10 mm galactose or N-acetyl galactosamine, then slides were rinsed with PBS. Microscopic observations were carried out using illumination in the blue-violet region (350-500 nm) with a barrier filter at 540 nm in a Leitz 20 fluorescence microscope with Orthomat automatic camera attachment.
Inhibition of Fungal Growth. P. megasperma var. sojae (race 1) was provided by Dr. R. Keeling, United States Department of Agriculture Delta Experimental Station, Stoneville, Ms. Cultures were maintained on V-8 juice solid media (21) as well as in liquid culture (9) . For growth inhibition experiments, varying concentrations of SBA were added to Petri dishes previously coated with V-8 juice agar. Fungal discs were obtained from dilute lima bean agar (1 g lima beans/L) plates using a sterile corkborer, and positioned at the center of the lectin or water-saturated agar plates. The area of mycelial growth was measured after 2 to 4 d growth by calculating areas from diameter measurements. Zoospore suspensions were prepared from 7-to 10-d-old mycelial discs which were then placed in dilute lima bean replacement liquid (I g lima beans/L H20) for 72 h at 25°C. After chilling at 15°C for 8 h, liquid containing zoospores was removed and used as a source of inoculum. Typical preparations contained approximately I x 106 zoospores/ml. Zoospores (100 ul) were germinated at 25°C in 100 I . minimal media containing SBA (7-155 jig in 100 ,l1 H20) or 100 pi H20.
RESULTS
Quantification of SBA Content. Seed extracts from susceptible, resistant, and nonnodulating cultivars were examined for SBA content using RIA (Table I) . SBA contents varied considerably among cultivars (0.0019-0.0355 mg SBA/mg protein) as has been reported previously by other workers (17) . When the means of resistant and susceptible groups are compared, there is approximately double the amount of SBA per mg protein in the resistant cultivars as compared to the susceptible cultivars. If SBA is Of the nonnodulating cultivars examined, only Lee had low levels of seed lectin similar to other susceptible varieties. Previous work has reported on the absence of SBA in varieties which are still able to nodulate (17) . Nonnodulating Clark and Harosoy cultivars contained SBA at levels similar to those of resistant cultivars.
To verify that seed extracts did contain SBA capable of reacting in RIA, the following experiments were conducted. Samples of seed extracts were eluted through an affinity column and the effluent was tested by RIA. Most (90%) of the previous reactivity was abolished by this procedure. SBA from each seed extract could be removed from the column by eluting with 0.1 M galactose. Immunodiffusion analysis was performed on seed extracts and purified lectin, and all samples showed immunological identity (Fig. 1) . Also, seed extracts and purified lectin from various cultivars were analyzed by gel electrophoresis and compared to a SBA standard. A protein band migrating similarly to standard SBA was detectable, and one precipitation arc corresponding to the position of SBA was obtained using immunoelectrophoresis (data not shown).
Release of SBA during Imbibition. Previous investigators have reported the release of SBA from seeds as measured by hemagglutination (11) . Therefore, we decided to determine the amount of SBA released with time in relation to known resistance or susceptibility to root rot.
Although most cultivars were examined, only representative data are presented in Figure 2 . Govan had an average value of SBA typical of that present in resistant seeds (26.3 ng SBA/mg protein), while Shore had average SBA values typical of the susceptible group (7 ng SBA/mg protein). Both Govan and Shore showed similar rates and amounts of protein released during imbibition ( Fig. 2A) , but Govan released an earlier and higher level of SBA (Fig. 2B) . Between 6 and 9 h of imbibition, a large amount of SBA was found in the imbibate from Govan, while no SBA from Shore was detectable with RIA during the same time interval. When the amount of SBA per mg protein is calculated, it is evident that SBA is a preferential release product for Govan (Fig. 2C ). This finding is significant since high levels of lectin would be present in the microsphere surrounding the germinating seedling. All susceptible cultivars examined, with the exception of Rokusun, released SBA with a pronounced lag and reduced amounts in comparison to resistant cultivars.
The cultivar Rokusun was an exception to the typical profile seen for other susceptible cultivars. Not only did Rokusun have a high SBA content in seeds (see Table I ), it also released massive amounts of SBA during imbibition (Fig. 3) To verify the presence of SBA, the following tests were conducted. Aliquots (50 ytg) of 48-and 60-h imbibates from Govan and Shore were run on disc gel electrophoresis, then stained for protein or tested using immunoelectrophoresis. Although many bands were present, there was a major band migrating with a similar mobility to purified SBA (Fig. 4) . When Imbibition experiments were also conducted in the presence of phenyl methylsulfonyl fluoride or streptomycin, and little or no change in amount of SBA in the imbibate was observed.
Interaction of SBA with P. megasperma. The ability of SBA to bind to P. megasperma hyphae was tested using FITC-SBA. When tissues were examined, bright areas of yellow-green fluorescence were seen on hyphal cell walls indicating binding of FITC-SBA (Fig. 5A) . Control sections incubated with buffer alone had background fluorescence due to the agar coating (Fig. 5B) , while sections incubated with FITC-SBA in the presence of 10 mM galactose had diminished fluorescence (Fig. 5C) . Binding of FITC-SBA was also reduced in the presence of 10 mm N-acetyl galactosamine or Hog A + H substance (1 mg/ml), which are carbohydrate haptens for SBA. inhibit mycelial growth on solid culture media was tested using SBA purified by affinity chromatography. When SBA was filter sterilized, normally over 60% of protein adhered to the filter. Over 50% inhibition of growth was observed in the presence of 150 to 300 jig filter-sterilized SBA (Table IIA) . At concentrations lower than 90 ytg, only slight inhibition was noted. The filter sterilization procedure may partly inactivate or dissociate SBA, and the observed inhibition may be due only to active SBA still present. The ability of the 58-h seed imbibates to inhibit mycelial growth was also tested (Table IIB) . Govan imbibate was 30% more effective in retarding fungal growth as compared to Shore imbibate.
Similar results were obtained when SBA or imbibate was added to liquid cultures of mycelia, and growth was scored by dry weight measurements of mycelial mats (data not shown). To verify that SBA in the imbibate was responsible for inhibition of growth, a 0.5-ml aliquot was passed over the affinity resin and unadsorbed material was collected. The adsorbed material was subsequently eluted with 0.1 M galactose. Both the adsorbed and unadsorbed pools were dialyzed extensively against distilled H20 and concentrated by ultrafiltration using an Amicon YM-10 membrane. After correcting for differences in absorbance, both Govan and Shore material were filter sterilized and tested for their ability to inhibit mycelial growth. The unadsorbed material from both Govan and Shore imbibates was ineffective in inhibiting growth, but the galactose-eluted material from each cultivar reduced mycelial growth, although Govan was more effective.
Since WGA has been shown to inhibit germination of spores of Trichoderma viride (15) DISCUSSION As yet, direct evidence for lectin involvement as a host response to pathogen invasion has not been demonstrated. Several criteria must be met for lectins to be considered as protective agents against infection. First, the lectin must be present in an active form at the site of invasion. Second, the concentration of lectin present must be sufficient to cause at least a static effect on further growth of the pathogen. Thirdly, the lectin must bind to the cell walls or membranes of the pathogen and prevent growth of the infecting organism. Whether lectin acts alone or in concert with other molecules has yet to be demonstrated. Alternatively, lectin may bind to a product of the pathogen, such as a glycosidase, which facilitates infection. Finally, resistant cultivars should contain high concentrations of lectin at the appropriate site, while susceptible cultivars should have low levels of lectin or inactive form present.
If lectins are involved in providing resistance to infection, these proteins may act in concert with other compounds in the same plant which are also capable of inhibiting microbial growth. Legumes such as soybean and lentils release active protease inhibitors during germination which may retard microbial proteases (23) . Phytoalexins, such as glyceollin in soybeans, have been shown to increase in resistant plants during infection (4, 7, 10) and are thought to function as general inhibitors of pathogenic invasion (for review, see 9).
All three types of components, lectins, protease inhibitors, and phytoalexins have broad specificity. For example, those lectins characterized to date, with the possible exception of Phaseolus aureus lectin, have a primary specificity for one type of sugar, although other carbohydrates are also bound with lesser affinity (6) . Soybean agglutinin binds with high specificity to N-acetyl galactosamine, but galactose, methyl-galactose, melibiose, raffinose, and stachyose also bind with reduced affinities (8) . Most of the binding specificities of lectins are for common carbohydrate determinants found on the outer surfaces of microorganisms.
In this paper, supporting evidence for a role of lectins as protective agents has been presented. The mean values of SBA content within seeds indicates a difference between cultivars resistant and susceptible to P. megasperma, although the variance within each group does not indicate a strong correlation of increased SBA content in resistant cultivars. More importantly, seed lectin in those resistant cultivars tested is transported sooner and at higher concentrations into the surrounding media during germination than in susceptible cultivars. The lectin released is active as detected by hemagglutination, and proteolysis of secreted lectin was not detected. Binding to SBA to mycelial cell surfaces was inhabitable with carbohydrate haptens for SBA. In fungal growth studies, purified SBA was able to retard mycelial growth at high concentrations as well as slightly retard growth of germinating zoospores. The imbibate from Govan, a resistant cultivar, showed slight inhibition of mycelial growth while the material from Shore, a susceptible cultivar, was ineffective. Evidence in support of lectin involvement in the retardation of mycelial growth was the removal of the inhibiting factor from the imbibate by an affinity resin and recovery of inhibition of growth in the galactose eluted material.
It is possible that lectin from resistant and susceptible cultivars possess slightly different binding affinities which could account for the observed differences in inhibition. Also, the imbibates might contain other factors such as protease inhibitors which were removed during the column adsorption, dialysis, concentration, or filter sterilization but could contribute to the observed inhibition of mycelial growth with the untreated imbibate. However, the adsorbed SBA peaks from the imbibates were capable of retarding growth, indicating that lectin is at least a factor in the inhibition found in the unadsorbed imbibate.
The actual mechanism by which SBA could cause growth inhibition is not known at this point. The binding of WGA to Trichoderma viride and subsequent inhibition of growth appears to be similar, but the inhibition was present at lower concentrations of lectin (14) . A recent study on the distribution of WGA has reported on the presence of the lectin in the rhizosphere of young plants (15) , a location similar to that found in the seed imbibates in this study. Although lectins as protective agents has yet to be conclusively demonstrated, these studies suggest that lectins may be involved in the resistance mechanism.
